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@ A method for stimulating growth, dhrision or embryogenesis of plants In In vitro culture. 



@ A mettiod of stimulatir^ the growth division 
or somatic embryogenesis of p^nt cells in 'm 
vitro culture by applying to the culture medium 
an effective amount of AGPs and culbire media 
comprising such AGPs. 
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TTia present invention relates to arabinogalactan- 
protohs (AGPs) and their use for in vftro cultivation of 
plants. 

It b known thatsome plant celis have the potential 
to (TrflarentiatB into wtiole ptetnta when cultured in 
appropriate baste synthetic media. Such media typ{- 
calty comprise fnorganic salts, a cacfx>n source such 
as sucrose, thlan^ne and inositoL Examples of ttasic 
media commonly used are those descn'bed tyy 
Murashige and Skoog, Undsmal^ and Skoog, fay 
Gamborg (B5 medium^ and Chu et at (N6 medium). 

The compos^on of said basic media may be 
modified to optimise the growth of the particular plant 
cells employed. Almost all plant ceDs require plant 
hormones, e.g. auxin or auxln-tOce compounds such 
as Indole ace^ add, indole butyric add, naphthalene 
add or 2,4-D. and/or a cytokinin such as benzyl 
adenine, zeatin, ktnetin and the lilce. To secure opth 
mat growth ft may be wfvantageous to add vitamins 
euch as nicotinic add and pyridoxine. 

The primary type of growth that is usuaBy 
obtained wtien explanting plant tissue to a synthetic 
medium is the caBus. The capadty of plant tissue to 
form a calius depends i.a on the type of tissue 
employed and on the presence of plant growth hor- 
mones. Plant tissue in general suitable for the prepa- 
raOon of CEdlus indude explants from stems, leaves, 
petals, hypocotyl sections, apical meristems, 
embryos and the like. 

The artificia] growth media may be solldrfied, e.g. 
with the aid of agar. Once established, the callus exhi- 
bits a napkl growth rate and must be subcultured. This 
is conveniently done in a suspension culture compris- 
ing a basic synthetic medium, a carbon source and 
plant growth honmones. The ceils of such subcultures 
may be empioyed to generate somatic embryos, e.g. 
fay eubcultiiring on basic synthetic medium to which a 
cartx>n source, but no or k>w concentrations of growth 
hormons have been added. This medium may or may 
not be sdidified. In incidental cases it has been 
suggested that the addKbn of complex non-defined 
ndxtures of cofi^)ounds such as coconut milk, rlce- 
wator or potato extracts stimulate cell growth, piBiit 
cell divi8k>n, plant oel differentiation and^or embryo 
inducttort. 

WhSst vegetative prop aga tion of plants has great 
potential for the devekipment and mass pnoductfon of 
plants and Is routinely used, in partteular for the pro- 
duction of orchids from somatic CHchid ceSs, it itas 
bean found ortfy nmfted appfteafion fbr a vast majorfty 
of plant species. 

Vegetativtt propagatkm via shoot fomiation 
(organogenesis) involves the steps of pladi^ exp- 
lants on a soOdnufaient medium, regenerating shoots 
and obtaining plants torn the shoots. This technique 
to very labour Intensive and for economical reasons 
only meaningful for a limited number of ornamentals. 

Also the alfamativs meristem cultura technique 



has prfcnarily commerdal application in the production 
of ornamentals. 

Vegetative propagation via plant somatic 
embryos (embryogenesis) is substantially less labour 

5 intensive than that required for vegetative pnspa- 
gation via shoot fonnation tHit suffers from the draw- 
t>ack that the efRciency of somatic emtsiyogenesis is 
for most plant species unsatisfactoiy (exceptions are 
camA, celery, alfatfa and cucumber ceD cultures) and 

10 that for most plant species it is not known how to 
induce or enhance embryogenesis of plant cells. 

The abOity to stimulate embryogenesis in plant 
cells is therefore one of the most critical factors in the 
commercial use of plant tissue culture techniques for 

15 the purpose of vegetative plant propagatton. 

Whethera culture is embiyogenk^ornon-embryo- 
genic is established t>y microscopic examinatkm for 
the presence of proembryogenic masses or 
entbryoids. From the embryogenic culture somatic 

20 embryos can be generated. 

It has now been found that AGPs are suitable for 
indudng or enhancing the growth and the somatic 
embryogenesis of plant cells. 

The invention therefore provides a method of 

25 stimulating the growth and division or embryogenesis 
of plant cells or the growth and division of plant celts 
derived from protoplasts in plant tissue culture 
medium which comprises applying to plant cells or 
protoplast in a plant tissue, cell or protoplast culture 

30 medium an effective amount of AGPs. The method is 
generally applicatHe, tnduding for anther and micros- 
pore cultures. The method of the inventkm is therefore 
also Indicated for use in the pnoductton of dihaplokl 
plants or so-called fast Intu-eds. 

35 The terms plant tissue, cefl and protoplast culture 
medium refers to any such conventional culture 
n>edtum suttab!e for culture of plant tissue, plant cells 
and plant protoplasts. 

AGPs are proteoglycans having covalently 

40 attached to their protein moiety digo-saccharide 
and/or polysaccharide side chains. Their small pro- 
tein portion contains hydroKyproline. AGPs are found 
in higher plants and in many of fheb' secretions (Fin- 
cher et al, 1983) . It has been shown that different 

45 organs of Lycopersicon perwlanum have different 
AGPs (Van ftolst and Clarke, 1986) suggesting a role 
of AGPs in ceil difFerentiatton and plant developmenL 
The type and amount of AGP to be employed wSl 
conveniently be selected in accordance with ttie pur- 

50 pose of the use. Where it is Intended to just induce or 
enhance cell division or growth, the AGPs to be 
employed may be of any source, induding commer- 
dedly ava9able AGPs in the form of gum Arabic. It is 
however advantageous to employ AGPs derived from 

65 the same spedes as the sped^of which to induce 
or enhance cell division or growth. Where it is desked 
to induce or enhance somatic embryogenesis of plant 
ceDs, it is advantageous to employ embryogenic 
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AGPs, I.e. AGPs obiaFned from embryogenic ptant 
cultures, from zygotic embryos, zygotic embryosacs 
or from seeds, In particular from seeda Jt is advan- 
tageous to employ embryogenic AGPe derived from 
the same species as the species of which to induce 5 
or enhance somatic embryogenesls. 

The amount of AGPs to be applied will depend on 
various factors including the type of plant tissue 
employed, and the purpose of their use. 

Where a plant suspension culture (s employed, io 
satisfactory results will, in genemi, be obtained with 
concentrations in the range from 0.01 to 100 mg AGP 
per litre culture medium. 

For the purpose of embryogenesls induction or 
enhancement a suitable concentration lies, in gen- is 
eral, in the range of from 0,1 to 20 mg preferably of 
from 1 to 10 mg embryogenic AGPs per litre culture 
mediunrt For growth and division enhancement or 
growth inducffon of plant cells, the preferred concen- 
trations are, in gencfal. In the range of from 20 to 100 20 
mg AGP, In particular25 to 50 mg AGP perlitre culture 
medium. 

Though the chemical composition of 
embryogenic AGPs may vary from plant species to 
plant species, the embryogenesls inducing or 2S 
enhancing effect is not species specific It is therefore 
possible to induce or enhance embryogenesls of plant 
cells from one plant species with the aid of 
embryogenic AGPs obtained from a different plant 
species. However, it is advantageous to employ 3o 
embryogenic AGPs derived from the san>e species. It 
has been observed that a particular fraction of the 
embryogenic AGPs is responsible for the 
embryogenesls inducing or enhancing effect It is in 
general not necessary to isolate (hat particular frac- 35 
don, but it is advantageous to do so. Methods forfrac- 
tionation of AGPs are known, they Include antibody 
precipitation, affinity chromatography, ion exchange 
chromatography, electrophoresis and the like. The 
growth or embryogenesls inducing or enhancing 40 
effect of AGPs or of a parUcular fraction thereof can 
be detennined by tests. According to a prsfierred 
embodinDent of the Invention the embryogenesis of 
the plant cells is induced with a fraction of 
embryogenic AGPs ghring an optimum effect 45 

The invontk>n also provides plant tissue, plant cell 
and plant protoplast culture media comprising from 
0.01 to 1 00 mg AGPs per ISre culture medium. The fal- 
lowing Examples llustrate the invention. 

50 

Example 1: Preparation of somatic embryos 
from Daueuft carota L Seeds 

Seeds of Daucus carota L are surface sterilised 
and germinated on Gamborg's B-5 medium (see 55 
Table 1) suppleirtented with 0.6 % agar, at 22.5^ C in 
the daric Cell cultures are derived from ten days old 
sliced hypoootyls. About two grams of hypoco^ parts 



are incubated in 50 ml Gamborg's &-5 medium 
supplemented with 2 2,4-dichIorophenQxyacet3e 
add (2.4-D), In a 16 hr day light period at 22.5«C, on 
a rotary shaker at 100 rpm. The cultures are suIkuI- 
tured eveiy two weeks. After four weeks of subculture 
the cultures are embryogenk: or non-embryogenld 
depending on the cultivar employed. Non-embryoge- 
nic cultures can also be made by rapid subculturing 
for a prolonged time (minimal two months). The fbr- 
matksn of somatic embryos is induced by selecting 
cells and aggregates that pass a 150 tun sieve and 
are retained tiy a 50 pm sieve, and sut}culturing sak) 
cell fraction in auxin free B-5 medium at a cell density 
of 2000 ceils/ml (De Vries et al, 1988). 

Table 1: Gamhorg's B-5 KediuB: 



Components 


ag/1 


CoC12.6H20 


0.025 


CUS04.5H20 


0,025 


FeNaEDTA 


40.00 


H3B03 


3.00 


KI 


0,75 


MnS04.H20 


10.00 


Na2Mo04.2H20 


0.25 


ZnS04.7H20 


2.00 


KN03 


2500.00 


CaCX2 


113.23 


NaH2P04 


150.00 


(NH4)2S04 


134.00 


MgS04.7H20 


250.00 


inositol 


100.00 


nicotine acid 


1.00 


pyridoxins HCl 


1,00 


thiamine HCl 


1.00 


sucrose 


20000.0 



Example 2: Isolation of AGPs 
2.1 From embryogenic cultures. 

AGP fractbns can be isolated from the culture 
medium of Example 1 or extracted from the cells in an 
embryogenic culture. 

Plant cells are collected by centrifiigation (200 g, 
3 minutes) from the culture'according to test example 
1, one week after subculturing. The ceBs are incu- 
bated bi 4 % sucrose in water for one hour on the rot- 
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ary ahakar to remove AGPs from the ceHs. Cells are 
thttn rsnmad by centiQiigatkm at 200 g for 3 mimjtra 
AGPs are then Isolated by adding to the cell-free 
medlUn or to the ehjtod AGPs one tenth volume of 1 .5 
M NaCI and 0.75 g/l <tf 1 ,3,54ri^4-^EVshicopyrano- 5 
tyiK»cyph6nyt«zo]2A^hydrQKybenzena (hereinaf- 
ter de^gnated the p-gkjcosyt Yariv reagent; Yariv et 
at 1967). The AGPs are predpttated tiy cooffng at 4<'C 
for throe hours and the preclpftate ts centrifugated at 
10000 g for 10 nrinutss. The pellet fs then dissolved io 
bi water mid NaCt la added to 0.15 M to reprec^&ate 
tho oompfex. The prectpftate is centrifugated at 10000 
g for 10 minutes and the complex is dtssofved In one 
tenth of the odglnal vohime of 0.1 M NaOH compiisfng 
10 % Nad. The AGPa are separated from the p-glu- 15 
cooyl Yartv reagent on a Sephadex 6-50 column, 
equaixated with 0.1 M NaOH comprising 10 % Nad. 
and desalted on another Sephadex O-50 cdumn. 
equllratedwfth water to yield 22 mgAGP/L medium. 
The AGP preparations are free erf other proteins. The 20 
puriHed AGPs can t>e further fractionated iiy 
electrophoresis or ion-exchange chromatography. 

Z2 From seeds, 2ygotic embryos or embryosacs 

25 

Embryogenlc AGPs are isolated from Daucus 
carota seeds, zygotic embryos or zygotic emtiryosacs 
bry gifrxling 4 grams of tissue In liquid nitrogen In a 
mortar and extracting them with 23 ml of extraction 
tMiffer (50 mM trte-HQ [pH 8.0], 10 mM EDTA, 2 mM so 
NaaS^Oe, 1 % v^ Triton X-100). Cefl debris is 
renioved by centrrfugation (10000 g. 5 minutes at 
4**C). AGPs are predprtated by adding five volumes of 
ethano). After incubation overnight at -20^C, the 
AGP8arepeUetadbycentrifugatkinat1000Qgat4''C 35 
for 10 minutes. The pellet is resuspended in 50 mM 
tris-HCt (pH &.0). From this crude extract, AGPs are 
idotatad according to test example 2.1 described 
atxive t>y pradpftatton with p-gluoosyl Yaiif reagent 
The AGP concentration Is detemtined by the single 40 
radial dlflOskxt method of Van Hoist and Clarice 
{1985); 0.12 mg AGP per gram seeds was isolated. 

Z3 From suspension cultures of Lycoperslcon 
escutentumL 45 

Analogous to the procedure of Example 2.1, 
AGPs are isdated from the culture medium of tomato 
suspension. 

so 

2-4 From seeds of Cucun^sativusL, 

Analogous to the procedure of Example 2.2, 
embryogenlc AGPs are obtained firom seeds of 
OKumb satNus L. ^ ss 



ZS From seeds of Brass ica olevacea 

Analogous to the procedure of Example 2J2, 
embryogenlc AGPs are obtained from seeds of Bras- 
sica deracea. 

Example 3: Induction or stimulation of embryo 
formation In in vltre cultures by addition of 
embryogenlc AGPs 

a) AddSion of embryogenlc AGPs (5.0 mg/t) iso- 
lated from seeds of Daucus carota to a non-env 
bryogenfc culture of Daucus carota Incftioed to 
form enibiyos, makes this culture embryogertic. 
Morphofoglcally perfect eirtbryos are formed, 
whereas the control experiments (no AGPs 
added) show no embryo fonmation. 

b) Addition of AGPs (03 and 5.0 mgyi) isolated 
fipom seeds of Daucus carota to an embiyogenic 
culture of Daucus carota Induced to form 
embryos, results in a faster development of the 
somatic embryos. After 1 8 days of culture Almost 
twice as many torpedo shaped embryos are for- 
med In the complemented cultures as compared 
to the control experiments (no AGPs added). 

c) The embryogenlc Daucus carota ctiltura is 
washed with 4 % sucrose tn water to remove 
AGPs from the cells. The celts are then subcut- 
tured In hormone^firee medium with or without 
added AGPs to induce embryofbrmatioa When 
AGPs are added (1-5 mg/l, e.g. 1 mg/l) Isolated 
from seeds of Daucus carota more somatic 
embryos are formed than In experiments with no 
AGPs added. 

d) Crossed electrophoresis of AGPs Indicates 
that embryogenlc and non-embryogenic cultures 
have different arabinogalactanproteins. A part of 
the AGPs present In embryogenlc Daucus carota 
cultures, are absent In non-embryogenic Daucus 
carota cultures. 

Addition of the p-glucosyf-Yariv reagent In a con- 
centrafion of 1 mg/l, to a Daucus carota L sue- 
pennon cutture Induced to start embryogenests, 
rasults in atotal Uockofembiyogenesis. Addition 
of a-galactosyi Yariv reagent 1,3,5-trls(4-a-D- 
galactopyranosyUucyphenyl azo]2,4-6-tnliyd- 
roxy-benzene, known not to bind to AGPs In a 
concentration of 1 does not block somatic 
entbryo developments. This shows that AGPs are 
essentia) for somatic embiyogenesis to take 
place. 

e) Gnfibryogenlc AGPs are added to two diffiBrent 
cultures of young Daucus carota ceDs In the hor- 
mone containing medium according to Example 1 
(concL 10 mg AGPs per litrejrnedium). These cul- 
tures were potentially emtxyogenic, but wers at 
that time unable to produce large anraunts of 
embryos. The added AGPs were isolated from 



4 



7 EP0 455597A1 8 



Daucus carota and Cucumis sativus seeds and 
from celt cultures of Daucus carota and Lycoper- 
sicon esculentum. During the sut}ctiltuie ttie per- 
centage of emt>ryogenlc cells was determined by 
counting single cells and small aggregates 
(aggregates ofiess than 15cells)and discriminat- 
ing between the embryogenic cells (dense, highly 
cytopiasmte) and the norvembryogenic cells 
Oarge, highly vacuolated) (De Vries etal,, 1988). 
The number of embryc^enic cells fs counted 8 
days and 15 days after addition of AGPs, and the 
result compared wHh that of an untreated stan- 
dard. The results indicate that embryogenic 
AGPs are suitable tor enhancing the 
embryogenesis of plant celts. When AGPs were 
added the percentage of embryogenic ceBs 
increased more than in control experiments 
where no AGPs were added. Even AGPs isolated 
from different species were able to increase the 
percentage of embryogenic cells, but AGPs iso- 
lated firom the same species were able to 
Increase the percentage of embryogenic cells the 
most 

f) Daucus carota celts wera cuttursd on the hor- 
mone free medium in which the embryos develop. 
The same AGPs, at concentrattons of 1 and 10 
mg per litre medium, were added as mentbned in 
Example 3 (e). More somatic embryos were for- 
med when the AGPs were added than in control 
experirrtents where no AGPs were added. 

g) Daucus carota seed AGPs were ftactbnated 
by ion exchange chromatography in three frac- 
tions. In an experiment as described in Example 
3(e) two of these fractions were able to increase 
the percentage of embryonic cell to a higher deg- 
ree than the unfractionated Daucus carota seed 
AGPs. 

Example 4: Stimulation of growth in in vitro 
cultures by addition of AGPs 

a) When 2,4-D contahtng ceO cultures of Daucus 
carota L are dQuted growth is inhibited if the cell 
density is 10000 cells^ml or less. The ceQ growth 
of such diluted oeD cultures is stimulated by the 
addition of AGPs (25 and 50 rng/Q Isolated from 
Daucus carota and Lycoperslcon esculentum cell 
cultures and by the addition of Arabic Gum (an 
AGP isolated from the tree Acacfa senega! L). 
These results show that AGPs can stimulate 
growth even when the AGPs are isolated from a 
different species. However, AGPs isolated from 
the same species were the most effective in 
stimulating growth. The sMmulation of the growth 
of the cell cultures can be dramatically. When no 
AGPs are added In the diluted carrot celt cultures 
there is hardly any growth. When AGPs are 
added, the growth rate Increases and can be 



compared with undiluted cell cultures. A simitar 
effect Is observed in cell cultures of other spedes 
(Cucumis sativus L and Lycoperslcon esculen- 
tum L). 

5 b) Protoplasts of Brassica oleracea L. were cul- 
tured In the presence of 10 to 30 mg/t Brassica 
oleracea seed AGPs, the percentage of dividing 
cells derived fix^m tire protoptasts increased from 
2 % (no AGPs added) to 1 0 %. This increase also 
10 resulted in the production of more ndcrocalll. 
Analogously, the addition of AGPs from carrot 
suspensions and carrot seeds resp. also gave an 
increase in the percentage of dividing cells, from 
2 % (no AGPs added) to 4 % when added to Bras- 
15 sfca protoplasts. 

References 

Fincher, G.B. BJk. Stone and AE. Qarke (1983) 
20 Ann, Rev, Plant Physid. 34^♦7-70, 

Arabinogalactan-proteins; Structure, tiiosynthesis 
and function. 

Van Hoist G.J. and A.E Oarfce (1985) Analytical 
Biochemistry 148;446^. 
25 Quantification of arablnogsdactan-protein in plant ext- 
racts by single radical gel diffusion. 

Van Hoist, G.J. and A.E. Oarlce (1986) Plant 
Physiol. 80: 788-789, Organ-spedfic arabinogatao- 
tan-protein of Lycoperslcon pemvianum (MOQ demon- 
30 strated by crossed-elecfa:ophorests. 

De Vrles . S.C.. H. BooiJ. R. Janssens, R. Vogets, 
L. Saris, F. LoSchlavo, M. Terzi and A. van Kammen 
(1988) Genes and Development 2:462-476, Carrot 
somatic embryogenesis depends on the phytohor- 
35 mone-controlled presence of correctly glycosylated 
extracellular proteins. 

Yariv, J, H. Lis and E. Katchatski (1967) Biochem. 
J.105; la. Precipitation of arabic acid and some seed 
polysaccharides by gtycosylphpenyiazo dyes. 

40 

Claims 

1 . A method of inducing or stimulating 
45 embryogenesis of plant cells in ]n vifro plant cell 
or tissue culture which comprises applying to the 
plant cell or tissue culture medium and effective' 
amount of AGPs. 

60 2. Amethodofsthnulating the growth and division of 
plant cells or celts obtained frcmi protoplasts or 
plant tissue In in vitro plant tissue, cell or protop- 
lasts culhjre which comprises applying to plant 
cells or plant tissue or protoplasts In a plant !is- 

55 sue, cell or protoplasts culture medium an effec- 
tive amount of AGPs. , 

3. The method of aalm 1 or 2. comprising applying 
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fromCOl to 100 mg AGP per litre cutture medium. 

4^ Tbs method of Claim 1 or 3, comprising employ- 
ing AGPs of the same plant spedes as the ceQs 
ortiBSue in the in vitro piarrt cefl or tissue culture. 5 

SL The method of Clalin 1, 3, or 4 comprising appty- 
tng ambryogenic A6P&. 

6. The method ofCt^ 5. wherein the emltryogentc io 
AGPs are from emtiryogenic plant cultures, 
embryos, zygotic embiyosacs or seeds. 

7. Ttie method of OaSsn 6, wherein the embryogenic 
AGPs are a specific fraction of the total of AGPs is 
from embryogenic plant cuJturo, embryos, zygotic 
emtiryosacs or seeds. 

8. The method of Claims 5 to 7, employing 0.1 to 20 

mg embryogenic AGPs per litre culture medium. 20 

9. The method of Claim 2 comprising of employing 
AGPs of the same plant species as the celts tis* 
sue or protoplasts In the in vitro plant cell, tissue 

or protoplast cuttim 2S 

lOl TTie method ofQalm 2 or9. wherein the AGPs are 
a specific fraction of the total of AGPs extractaUe 
from plant tissue or plant cell or culture medium. 

30 

11* The method of Claim 2« 9 or 10 employing 20 to 
100 mg AGPs per litre culture medium. 

12. The method of Claims 1 to 1 1, wherein the AGPs 

are from Daucus. 3S 

13. The method of Claims 1 to 1 1, wherein the AGPs 
are from Lycc^rsicon. 

1C The method of Claims 1 to 11, wherein the AGPs 40 
are from Cucumis. 

1SL The method of Claims Its 11, wherein the AGPe 
are from Bvassfca. 



IflL Themethodcf Claims 1 to 11, wherein the AGPs 
are from Acacia. 
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